There are a number of ways to remove heavy metals from water. Sorption on granular media based on iron oxides and hydroxides is currently the most used option. The experiment was carried out using sorption materials GEH, CFH 0818, CFH 12 and Bayoxide, which are primarily designed to remove arsenic from water. Four columns were prepared with an inner diameter of 4.4 cm for the purpose of the experiment. The thickness of the filtration media was 62 cm on average. Nickel, iron and manganese pollution were simulated in a laboratory. The efficacy of metals removal by four selected sorption materials was compared. During the experiment, the flow rate was set to reach the required retention time of 2.5, 7 and 15 minutes, taking into account the porosity of the media. It was found that the nickel concentration was reduced according to Regulation No. 252/2004, setting the limit value even after the shortest retention time (2.5 min). Longer retention times had no significant effects on nickel removal. The measurements also proved that all sorption materials have the ability to remove iron and manganese from water. Bayoxide sorption material achieved the best results in nickel, iron and manganese removal from water.
INTRODUCTION
Some uncommon elements can sometimes be present in groundwater and surface water. Metals belong to such elements. Increased concentrations of iron and manganese can be expected in groundwater but higher concentrations of metals such as nickel or arsenic are not typical of this water. Iron and manganese gets into groundwater by dissolving substances from the rock environment. The presence of carbon dioxide in this water helps dissolution. Nickel occurs in the minerals together with arsenic, nickel solubility in water is limited. Nevertheless, water sources exceeding prescribed limits for drinking water in arsenic and nickel concentrations can also be found.
Nickel can be found in minerals usually with sulphur, arsenic and potentially with antimony. It is also included in some of the aluminosilicates (serpentine). Anthropogenic sources of nickel include mainly wastewater from metal surface treatment where it is predominantly complexly bound, and wastewater from colour metallurgy. It is also used in ceramic and glass making industries and for some chemical syntheses as a catalyser. Other potential sources are nickel-plated parts of equipment that can come into contact with water (Pitter ).
Perinatal mortality is considered the major risk from nickel in drinking water with the World Health Organization (WHO) guideline set at 20 μg/L (Gray ) . For the quality of drinking water in the Czech Republic the limit value of nickel is set at 20 μg/L also.
The most widespread iron ores are pyrite, lepidocrocite, magnetic iron ore, limonite, and siderite. Small amounts of iron are also contained in many natural aluminosilicates.
Very high concentrations of iron can be found in water containing sulphuric acid originating from oxidation of sulphide ore of pyrite. Anthropogenic sources of iron in natural and service water are some industrial waters (e.g. from metal pickling, rolling, wire-drawing plants etc.) and corroding processes inside of water mains. Iron is the main metal that forms part of the bottom sediments and may pass into the liquid phase as a result of remobilization processes (Pitter ) .
The WHO has not yet set a health-based guideline value for iron, because no adverse effects have been found at levels detected in drinking water. Recent studies from India suggest that when iron is ingested with drinking water at higher concentrations it may cause serious problems (Ferrante et al. ) . In compliance with the drinking water ordinance in the Czech Republic, the limiting value for concentration of iron in drinking water
Increased concentration of iron in natural water is often accompanied by increased concentration of manganese.
Usually there tends to be less manganese than iron. Concentrations of manganese in underground water are higher than in surface water. Anthropogenic sources of manganese can be some industrial wastewater, e.g. from ore processing, metallurgical and chemical plants (Pitter ) .
The WHO health-based guideline value for drinking water was 400 μg Mn/L and the tolerable daily intake was 60 μg Mn/kg body weight (Ferrante et al. ) . In a later edition, the WHO published that 'this health-based value is well above concentrations of manganese normally found in drinking water; it is not considered necessary to derive a formal guideline value' (WHO ). In the Czech Repub- nickel from water by filtration using various sorption materials. Four filtration materials were used which were primarily designed to remove arsenic from water: CFH 0818, CFH 12, GEH and Bayoxide E33. Besides the efficiency of removing nickel from water, iron and manganese removal efficiency was examined during the filtration, because water was simulated from a ground source with these elements. The aims were: to determine how sorption materials remove selected metals (primarily nickel) from water and to determine which of the sorption materials is the best for nickel, iron and manganese removal.
REVIEW OF LITERATURE
Toxic heavy metals are exposed to the natural eco-system and subsequently are accumulated in the human body through either direct intake or food chains. Therefore, heavy metals should be eliminated from the environment Sorption is a simple, effective, and economically reasonable method for removal of heavy metals, especially due to the option of using a broad spectrum of substances with absorbing capacity -sorbents. Some natural materials (zeolites), but also industrial and agricultural waste, can be used as affordable sorbents. The most tested heavy metal sorbents are oxides and hydroxides of iron, iron hydroxide-coated sand, activated charcoal, media with TiO 2 or MnO 2 layer on the surface and others (Peǩný ).
METHODS

Description of using sorption materials
The sorption material CFH is produced in two modifications, CFH 0818 and CFH 12, that are based on iron oxide hydroxide and are used to remove mainly As, Se, P, (Konecňý ). The difference is that Bayoxide E33 is granulated whereas Bayoxide E33P is produced in the form of tablets. The material was designed to remove arsenic and its advantage is the removal of As III and As V along with the removal of iron and manganese. The producer gives water treatment capacity at the arsenic content of 11-5,000 μg/L and iron content of 50-10,000 μg/L (Biela ). The sorption material Bayoxide E33 at 1,000-fold magnification is shown in Figure 4 . An overview of sorption materials properties is shown in Table 1 .
Description of measurement
Each sorption material was poured into a glass tube with an inner diameter of 4.4 cm, with a drainage layer at the bottom consisting of stones, diameter of 1-2 cm, followed by a layer of glass beads, diameter of 4 mm, and then a layer of beads, diameter of 2 mm. This prevented the escape of loose material from the column during filtration. The height of the filtration medium was 62 cm on average. The filtration columns were fixed to the wall next to each other.
The entire filtration system consisted of a vessel with raw water, pump, flow meter, set of filtration columns and vessels for the filtrate. The filtration system scheme for one column is shown in Figure 5 .
Before starting the filtration, the filtration material was processed as instructed by the producer. After that, the filters were flushed with tap water, in a reverse direction from filtration, i.e. bottom up, where the flush water was discharged into the sewerage. During the flushing, the flow-rate through the column was selected so as to avoid the filtration material in suspension being flushed out. The filter flushing usually lasted until clear water started flowing out of the column.
Raw water with increased concentration of nickel, iron and manganese (Table 2 ) was simulated in a laboratory by adding chemical concentrates (single parameter standard solutions from the company Hach Lange) of these metals into drinking water from the Brno public water supply system. Turbidity and pH was also measured in raw water.
The turbidity was measured in FNU (1 FNU ¼1 NTU).
During the measurement, the raw water was pumped via a flow meter with flow rate values set in a way to achieve the required retention time in the columns of 2.5, 7 and 15 minutes.
The real retention time takes into account the porosity of the media. Each sorption material has different porosity that was considered when calculating the volume of water in the column and consequently the flow rate for the required retention time. Water filtered through the sorption materials had the following set concentrations of iron, manganese and nickel.
RESULTS
The analyses indicate that all sorption materials achieve excellent results in nickel removal despite its high filtration for nickel, in 2.5 min the concentration of nickel went down from 720 to a maximum of 10 μg/L (for the sorption material GEH).
For sorption material CFH 0818, the nickel concentration in 15 min residence time was higher than in 7 min residence time. The experimental measurement was performed only once, nickel concentrations were determined by an accredited laboratory of the National Health Institute in Brno. After the results were found, the experiment was not performed again, so the measurement was not checked.
The results of the water analyses after filtration through individual sorption materials are shown in Table 3 . Figure 6 shows how the effluent concentration of Ni depends on the retention time.
The adsorption capacity of using materials was studied and it was found that material CFH has the adsorption capacity of 4.9 g As per 1 kg adsorption material (Kemira CFH, CFH). The adsorption capacity of material GEH depends on working conditions (GEH Arsenentfernung) and the life expectancy of sorption material Bayoxide E33 is dependent on specific water quality and operating levels (Industrie De Nora S.p.A.).
Because the used sorption materials were produced primarily for removing arsenic from water, all information concerning these materials relate specifically to arsenic.
The literature (Bufa-Dörr ) reports that if pH of water is higher than 7.5, arsenate removal by material CFH falls.
At low pH, the adsorption density of arsenic (V) is much higher than that of arsenic (III), but at slightly alkaline pH, adsorption is nearly equal for both oxidation states of arsenic. Alkaline pH reduces the lifetime of CFH. The pH value of water during the experiment was not measured, only raw water. The pH value of raw water 7 was in the pH working range for sorption materials CFH and Bayoxide E33, see Table 1 .
The turbidity of raw water was 5.76 FNU and after filtration through sorption materials the turbidity decreased.
The limit value of turbidity for drinking water in the Czech Republic is 5 FNU, so it can be said that the sorption materials reduced turbidity below the limit. However, the turbidity of raw water was not too high. In another experiment the measurement of raw water with higher turbidity (11.4 FNU) was simulated and the water was filtered through the same materials. The results were very similar and all sorption materials reduced the turbidity below the limit. It can be said that sorption materials GEH, CFH
and Bayoxide E33 are very good at reducing the turbidity from water.
Through measuring, it was also determined how the used sorption materials remove iron and manganese from water. The most effective method for removing iron from water was indicated to be the sorption material CFH 0818, the sorption material CFH 12 was the least effective; even after 15 min the iron concentration did not fall below the 0.2 mg/L limit for drinking water.
When removing manganese from water, the sorption material CFH 0818 was the most effective. After 7 min the filtrate showed Mn concentration under the 0.05 mg/L limit for drinking water. The least effective for removing manganese from water was the GEH material, the concentration of Mn after filtration through this material remained constantly above the threshold value for drinking water.
For determining the concentrations of iron and manganese a spectrophotometer from the laboratory of the Institute of Municipal Water Management was used. The sorption material Bayoxide E33 is the most effective in removing nickel, but in terms of costs compared with materials CFH and GEH it is the most expensive. The cheapest of all four sorption materials is CFH 0818 (in the Czech Republic). Thus costs have also to be considered when using these materials for the removal of metal in the treatment of drinking water.
CONCLUSIONS
